A comparison between the available self-diffusion data on pure molten salts and the predictions by different liquid diffusion theories is made. It is found that the Arrhenius equation D=D0exp(-Q/R T) describes the experimental data equally well (or better) than any of the other theoretically predicted equations. The hole model prediction (@=3.74 i? Jm) is found to be inaccurate. The free volume model and the local density fluctuation models describe the data less well than the other models considered. The cubic cell model leads to a correct correlation between self-diffusion and kinematic viscosity for several salts (but not all).
Several different models of liquids have been proposed, each leading to different equations regarding the transport properties. The complexity of the problems involved in theoretical descriptions of melts have led to the introduction of simplifying assumptions which in turn restrict the applicability of the theories (and the derived equations). The only possible way to ascertain the usefulness of a theory is to compare its predictions to experimentally obtained results. Every theoretical model gives a more or less detailed description of how to calculate the constants in the equations. In view of the approximate nature of the derivations it is however necessary first to investigate in a general way if the predicted temperature dependence (or any other readily controlled prediction) is supported or disproved by the experimental data. If an acceptable agreement is obtained the next step will be more detailed calculations of the constants (in the theoretical equations) whose values can be derived from independently measured quantities. The present paper covers only the first step above due to reasons to be discussed below.
The "proper" choice of the experimental data to be used as reference material is very difficult. A couple of different investigations of self-diffusion (and for that matter electrical conductivity and viscosity) have been carried out on several salts (in some cases even by the same worker). The difference between the observed values is sometimes considerable and although in most cases reasons are given why a certain investigation should be preferred to another, it is quite possible that a certain choice of data might affect the judgment of a certain theory in one way or the other. In order to avoid this risk all available self-diffusion data (which are not obviously in error) are used despite the fact that in some cases older data have been "superseded" by more recent material. It will be found that this procedure in no case affects the general conclusions drawn. In a recent paper 1 on self-diffusion in molten group II chlorides experimental data for only two salts out of eight are given while for the remaining salts only constants calculated according to the Arrhenius equation are tabulated:
D0 is a constant, R is the gas constant, T is the temperature in degrees Kelvin, and Q is the "activation energy". Such a presentation is very unfortunate since the reader is limited to whatever use that can be made of these constants when quite possibly another interpretation might support (or disprove) some other model 2 . (It is true, however, that the Arrhenius equation describes most self-diffusion data equally well as or better than any other equation with the same number of adjustable constants.)
It has been general practice to describe the temperature dependence of the self-diffusion coefficient (D) with the Arrhenius equation mentioned above, Eq. (1). It can be derived from the approach by EYRING et al. 3 , who consider a mechanism where holes of ionic size in the liquid make jumps of the order of the interionic distance. The Arrhenius equation will be used in this paper as a standard to judge degree of success of a particular theoretical equation in describing the experimental data. (The discussion will be limited to self-diffusion in pure molten salts.)
The Hole Model
The hole model was originally developed by FÜRTH 4 . He regarded transport in molten salts as governed by jumps of cations and anions into vacancies large enough for a whole ion. This approach has been adopted by BOCKRIS 
where Tm is the melting temperature in degrees Kelvin. According to NANIS and BOCKRIS 6 "the numerical constant is bonded from theoretical considerations 11 by the limits 3.5 to 3.8". They have graphically performed a comparison 6 between the observed (lvalues for self-diffusion and the melting points of some molten salts and also some noble gases and liquid metals. They find a general trend by which high-melting substances tend to have comparatively high activation energies. The agreement with Eq. (3) is, however, not very good (particularly bad for the molten salts). Thus it was felt necessary to investigate this matter in a more quantitative way 12 (see Table 1 ). If the "associated" salts (the zinc halides) are excluded it is still found that only 8 out of 53 values are close to (or inside) the predicted limits. The arithmetic mean of Q/R Tm is, however, 4.0 ± 0.8 13 but the data in Table 1 Tab. 1. Constants in the "ordinary" Arrhenius equation (1) as given by each worker not given, calculated from given data). The agreement between the prediction by the hole model (Q/R Tm = 3.5 to 3.8) and the calculated values in the last column is seen to be poor. The stated error is a standard deviation.
simple spherical molecules and the diffusion process is assumed to occur by jumps (of molecular dimensions) made possible by momentary increases in the "cage" of neighbours due to redistribution of "free volume". In the latest version the approach according to Ref. 14 is replaced by a recent theory by ADAM and GIBBS 23 . They assume that the translational motion of a given molecule occurs by rearrangement of a group of molecules. Postulating that these groups operate independently they could express the minimum size of such a group in terms of the (macroscopic) configurational entropy. Both these theories lead to essentially the same equations 24 for the temperature depen-23 G.ADAM and J. H. GIBBS, J. Chem. Phys. 43, 139 [1965] , 24 In the original equation by COHEN and TURNBULL a factor T 1 /* is included in the pre-exponential term. This factor dence of self-diffusion, equivalent conductivity (^1), and viscosity (rj)
(and corresponding equations for AT and t]~1 T) where D0' and k are constants and T0 is the glass transition temperature (C-T approach) or the temperature at which the configurational entropy is zero (A-G approach). In both theories the attention is focussed on the behaviour of the liquid in the "low temperature region" (generally the supercooled liquid state).
does not arise in the ADAM-GIBBS approach. It has been disregarded in the later papers [19] [20] [21] [22] (its effect on the predicted temperature dependence is very weak). ANGELL 15, 16, 19 has been able to show that the equivalent conductivity of supercooling salt mixtures indeed follows Eq. (4) and that k has about the same value for all systems (with univalent anions) studied. T0 can be correlated with the mean cationic strength (a table of ^-values obtained in this way is given in Ref. 1T ). Finally, the glass transition temperature has been measured directly in some systems 22 .
It has been argued 16 that the precision of the experimental self-diffusion data is too low to detect the influence of the constant T0 in Eq. (4). Nevertheless the real test of the theory must be a direct comparison between the predicted equation and the observed data. Such a comparison is difficult since the temperature T0 of most pure salts is well below the melting temperature Tm . It has already been found k for all studied salts are given in Table 2 since Eq. (4) constitutes a novel approach and thus these values cannot be found elsewhere.
The linear regression analysis 25 shows, that a) In no case are the data best fitted using the predicted value of T0 . b) For only 3 salts are the data better fitted by Eq. (4) using the predicted T0 while for 9 salts the ordinary Arrhenius equation (1) gives better fit (the remaining 6 salts are equally well fitted by both equations).
c) The obtained ^-values are within experimental error equal for D + and D~ of the same salt (and the results by different workers are also in satisfactory agreement with each other).
d) The obtained ^-values differ considerably for different salts.
The results calculated from data obtained at temperatures close to T0 where Eq. (4) is expected to be strictly valid (LiN03, ZnCl2, ZnBr2, and perhaps PbBr2) agree with the general conclusions above. Thus it is improbable that the discrepancies between the predictions and the observations are due to the (comparatively) high experimental temperatures only, and it can be concluded that the theory by COHEN and TURNBULL (and by ADAM and GIBBS) describes (the available) self-diffusion data less well than the ordinary Arrhenius equation. The success of Eq. (4) in reproducing (conductivity) data of glass-forming liquids close to their T0 is, however, a good reason to continue the study of the free-volume theory in that connection.
The Local Density Fluctuation (LDF) Model
According to this model by SWALIN 27 diffusion in liquids (molten metals) results from local density fluctuations causing the molecules to move small (and variable) distances. In contrast to the free volume model the LDF model does not stipulate a critical (minimum) void size before diffusion will occur. Using the transition state theory SWALIN obtained an equation for the self-diffusion coefficient
where A is a constant depending on the particular liquid in question. Eq. 
(6)
A crude calculation by NACHTRIEB 29 gives an equation similar to Eq. (6) which is claimed to give good agreement with experimental self-diffusion data of liquid In, Sn, Cu, Na, Ga, K, Hg, and Ag 28 . In order to investigate if Eqs. (5) and (6) are able to describe molten salt diffusion as well the equations
were least squares fitted to the data 25 . According to the predicted Eqs. (5) and (6) the constants A0 and A2 should then come out equal to zero.
The regression analysis 25 shows, however, that for only one salt (Nal according to Ref. 5 ) is the constant A2 within experimental error equal to zero and that the constant A0 is never equal to zero. (An inspection of available self-diffusion data on molten metals 28, 29 shows that A0 is different from zero in those cases also, a fact that obviously has been overlooked.) Thus it is found that while D might vary linearly with T, D is not directly proportional to T (or T 2 ) for molten salts (and not for molten metals either). Neither Eq. (5) nor Eq. (6) are in their present form able to correctly describe the observed data which means that the LDF models must be modified in order to take into account the need of a constant term in Eqs. (5) and (6). Such a term might be introduced by measuring the temperature relative to a reference temperature TD=G where D is supposed to become zero. [These temperatures 7 7 ß = 0 can be calculated from A0 in Eq. (7) or A2 in Eq. (8). Approximatively the same value is obtained in both cases 30 .] The meaning (if any) of these calculated "reference" temperatures is of course unclear. Most obtained values (see Table 2 ) fall 100 to 400 °K below the melting points of the salts. For two salts (ZnCl2 and ZnBr2) Tj) = O comes out higher than the melting points. This fact means merely that not even Eqs. (7) Neither of the local density fluctuation models is in its present form able to satisfactorily describe self-diffusion in molten salts (and obviously not selfdiffusion in liquid metals either) 30a .
The Cubic Cell Model
HOUGHTON 31 has developed a cubic cell model for viscous flow and self-diffusion in liquids based on the Navier-Stokes equation. He is able to relate the friction coefficient for a molecule interacting with its neighbours to the diffusivity, kinematic viscosity and cell dimensions. The model leads to an equation
where Ct and C are constants, ,o is the density, rj is the viscosity, and Qv is the activation energy of the kinematic viscosity v -rj/,0. Thus Eq. (9) can be used to predict the self-diffusion coefficient of a liquid once the kinematic viscosity is known. (Ct is equal to R i 2 /24 M, where k is the linear dimensions of the cubic cell and M is the molecular weight.)
A similar equation is arrived at by WALLS and UPTHEGROVE 32 . Einstein's relation between the diffusion coefficient (D) and the mobility (M' = velocity per unit force), D = kTM' (where k in this case is the Boltzmann constant) is used as a starting point. A relation between mobility and kinematic viscosity is then obtained by geometrical reasoning, the final result being an equation almost identical to Eq. (9). The constant Cx in this case contains the atomic radius and a geometrical parameter postulated to be the same for a given class of liquids. WALLS and UPTHEGROVE then modify their equation by introducing the expression for t] derived by EYRING et al. 33 .
Equation (9) shows that a plot of e log(DjT) versus 7 1-1 should have a slope equal to -Qv/R. A comparison between experimentally observed values of Qv and the values calculated from self-diffusion data using Eq. (9) is made in Table 3 . The agreement 3OA Note added in proof: S. A. RICE and N. H. NACHTRIEB, Adv.
Phys. 16, 351 [1967] , find that D at constant density should be proportional to T 3/ *. As a support they cite constant pressure data for molten Hg and Na, finding a linear dependence of D upon T^1. The need of a constant term in the equation as in Eq. (7) and (8) is not taken care of in this case either which means that the equation is satisfactory for all studied nitrates and also for RbCl, CsCl, CaCl2, PbClo, and PbBr2 while on the other hand NaCl, Nal, ZnCl2, and BaCl2 show considerable discrepancies.
The cubic cell model and the model by WALLS and UPTHEGROVE are thus able to predict the temperature dependence of many salts without relying upon adjustable constants. Further systematic studies of self-diffusion and kinematic viscosity of molten salts are, however, needed before it is known if this fact can be used to provide further insight into the mechanism(s) of diffusion in (at least some classes of) molten salts.
No attempt has been made in this paper to calculate the constants in the theoretical equations from the descriptions in the original (theoretical) papers and make a comparison with the constants obtained in the least squares fittings since the discussions above have already shown that all the models considered have more or less serious shortcomings. The local density fluctuation models are in their present form unable to give a correct equation relating D and T (this is the case for molten metals as well). The free volume model is successful in describing equivalent conductivity close to and below the melting point but the use of the constant T0 (which is central in this theory) leads to a description of D which is inferior to that of the ordinary Arrhenius equation. The hole model leads to a variant of the Arrhenius equation (and describes consequently the observed data at least as well as any other model) but the prediction of the magnitude of the activation energy is inaccurate. The cubic cell model is able to predict the temperature dependence of D for many molten salts without use of adjustable constants but there are also many exceptions. It can finally be mentioned that the "ordinary" Arrhenius equation is at least as good as any other equation as a convenient and accurate representation of experimental self-diffusion data.
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by RICE and NACHTRIEB has to be modified in the same way as the LDF equations in order to become able to describe the experimental data (for both metals and salts). 31 
